Echocardiography provides an easy and reliable method to evaluate and assess the anatomy and dimensions of the heart. With increasing research being conducted in the field of cardiac sonography,
Studies evaluating potential differences in normal cardiac dimensions and body mass indices of various ethnic populations using 2D echocardiography have reported variations based on gender and ethnicity. With the currently accepted echocardiographic reference values from US studies, and the limited information available on Chinese populations, the aim of this pilot study was to determine the normal cardiac dimensions and left ventricular mass of adult Chinese using 2D-guided M-mode echocardiography. Of healthy Chinese adults (age 18 years and older) living in Hong Kong, 57 suitable participants (26 men, aged 35.7 ± 10.2 years; 31 women, aged 44.2 ± 8.5 years) were recruited. The results indicated that the mean sizes of the aortic root, left ventricular wall thickness, and left ventricular mass of Chinese men were significantly larger than those of Chinese women. Left ventricular mass of the Chinese sample population (men, 116.0 ± 20.6 g; women, 99.8 ± 20.9 g) was significantly smaller than US-based studies. The conclusions drawn are of clinical importance, especially in the assessment and management of hypertensive cardiac effects. The results of this study strongly indicate the need for a large-scale study to further establish ethnic-specific and gender-specific echocardiographic reference values for the Chinese population. numerous variables have been found to have an influence on cardiac measurements, and as a result, subsequent data have been partitioned accordingly. Presently, the effects of variables such as gender, age, height, weight, and body surface area (BSA) as related to ethnicity on heart dimensions have been studied, 1, 2 with some studies resulting in differing conclusions. 3, 4 Gender has been found to have an influence on both heart size and left ventricular mass (LVM), with men having slightly larger measurements. 5 Some studies on different ethnic groups have concluded that race affects heart size. Studies on Mexicans, Brazilians, and Indians have generally shown that the values for normal adults are lower than the values provided and accepted by the American Society of Echocardiography (ASE). [5] [6] [7] These studies indicate the need for ethnic-specific cardiac reference values.
Should Chinese heart data be found to significantly differ from that of the currently accepted US-based reference values, the implications and impact on cardiac management could be substantial in terms of health care costs and the quality of medical therapies dealing with cardiac conditions due to hypertension.
In particular, with regard to the Chinese ethnic group, there is limited information in the published literature. 8, 9 Henceforth, a study was conducted to determine (a) the cardiac dimensions and left ventricular mass of normal Chinese adults, (b) whether gender affects heart dimensions, and (c) if there are statistically significant differences between the data of Chinese adults and the adult reference values obtained in studies performed in the United States. The data were partitioned to take into consideration the effects of gender, and the results were further compared to US data.
The results would indicate whether there is a clinical need for establishing and using separate reference values in assessing cardiac normality by echocardiography in the Chinese population. The knowledge gained of the effects that ethnicity and gender have on Chinese heart measurements would in turn provide accurate interpretations and assist in determining the appropriate course of management. Furthermore, should this pilot study produce evidence that Chinese cardiac dimensions are found to significantly differ from the accepted reference values, a large-scale multicenter investigation would be warranted.
Methods

STUDY POPULATION
The study population consisted of Hong Kong residents who met all of the following inclusion criteria: were age ≥18 years; were free of hypertension (blood pressure [BP] <140/90 mm Hg), diabetes, and cardiac medications; had a body mass index (BMI) between 19 and 26 kg/m 2 ; 2,10,11 and were of Chinese descent.
All participants of the study were informed volunteers (each were provided with English and Chinese versions of information sheets), and written consent prior to the commencement of data collection was obtained.
Participants were assessed to be of normal cardiac health from an electrocardiogram (Hewlett Packard PageWriter 200i) or chest X-ray and a limited echocardiogram. Of 82 participants initially screened during the 5-month period of data collection, 57 candidates were found to be suitable for the pilot study.
Approval for the research protocol was obtained from the ethics committees of both Charles Sturt University (Wagga Wagga, NSW, Australia) and the hospital in Hong Kong, China.
MEASUREMENTS
Examinations included measurements of height, weight, blood pressure, BMI, and BSA. Body height and weight were measured using a manual scale (Detecto-Medic) with the participant wearing light clothing. Two automatic blood pressure measurements (GE Dinamap ® PRO, Milwaukee, Wisconsin) were taken with the participant in a sitting position and averaged.
BMI was calculated as follows:
BMI (kg/m 2 ) = weight (kg)/ height (m) 2 .
(1) 12 An electrocardiogram was performed on all participants and reported by a cardiologist. The results of chest X-rays were obtained from the participants if they were available and participant permission was granted. Chest X-rays were not performed during this study.
Body surface area was calculated using the formula described by Dubois Echocardiographic measurements were obtained with the Acuson Sequoia ® 512 Ultrasound System (Mountain View, California) using the 3V2c transducer. The 2D-guided M-mode data were acquired as recommended by the ASE.
14 Three measurements were made for each cardiac dimension, and the averaged values were used in the analyses. All echocardiographic data were obtained and analyzed by a single experienced sonographer. When good-quality images were achieved using fundamental imaging, measurements were obtained by this method as most data presented in prior studies were derived from this modality. This allowed for compatible comparisons as literature has suggested that higher measurements could be recorded with harmonic imaging. 14 Left ventricular mass was calculated as described by Devereux and colleagues, 15, 16 as shown as follows:
where d = diastole, LVID = left ventricular internal diameter, PWT = posterior wall thickness, and SWT = septal wall thickness. In assessing left ventricular wall thickness, relative wall thickness (RWT) was calculated as a ratio from the following equation:
where d = diastole, PWT = posterior wall thickness, and LVID = left ventricular internal diameter. A referral with ECG and echocardiogram results was given to participants who were found to have abnormal findings so that treatment could be sought.
STATISTICAL ANALYSIS
Statistical analyses were performed on pooled data using SPSS for Windows (Version 11.0, 2001) software. Data are presented as mean ± standard deviation with 95% confidence intervals (CIs). A value of P < .05 was considered statistically significant.
The Kolmogorov-Smirnov statistic with a Lilliefors significance level was used to assess if the data were normally distributed. 1 Two-sample (independent groups) t tests (with equal or unequal variances as determined by the Levene test) were then used for the comparison of means between male and female data groups. 1 Data obtained from this pilot study were compared and analyzed with data from US studies using a one-sample t test. The data from this Chinese study were compared to the reference data provided by Ilercil and colleagues, 1 as this was the study that Lang et al. 14 referred to in compiling the most recent source of echocardiographic data. Thus, a one-sample t test was performed by comparison to a known value (the calculated mean value). 17 
INTRAOBSERVER VARIABILITY
As only one researcher was involved, interobserver variability was not performed. Instead, intraobserver variability was assessed by the researcher by remeasuring stored and participantcoded M-mode images. Measurements were randomly retaken after the allotted data collection period, and a total of 10 studies (5 men and 5 women) were randomly chosen, and three measurements were obtained for each geometric variable. The averaged data were analyzed to determine if any statistically significant (P < .05) variations were present. A paired t test was performed to determine researcher consistency in obtaining cardiac data.
Results
Of the 82 participants initially screened, 57 participants (69.5%) met all of the inclusion criteria and therefore were found to be suitable candidates for this pilot study. Twenty-six were men and 31 were women, and their ages ranged from 18 to 64 years (35.7 ± 10.2 years for men and 44.2 ± 8.5 years for women). In accordance with the inclusion criteria used in this study, participants were determined to be unsuitable candidates if their echocardiographic examination showed mild valvular regurgitation. A summary of the characteristics of the study population is shown in Table 1 .
The heart rate, BMI, and systolic and diastolic blood pressures between Chinese men and women were not found to be significantly different, whereas the height, weight, and BSA of men were significantly higher than that of women.
RELATION OF HEART SIZE TO GENDER
Echocardiographic values obtained from the 57 suitable candidates are summarized in Table 2 .
Cardiac dimensions of the aortic root, interventricular septum (IVS; diastole), left ventricular posterior wall (LVPW; diastole), left ventricular systolic diameter, and left ventricular mass were Values are mean ± SD. All values are expressed in cm unless indicated otherwise. IVS, interventricular septum; LV, left ventricular; BSA, body surface area; LVPW, left ventricular posterior wall; NS, not significant. significantly higher in Chinese men than in women. The dimensions of the left atrium, LV diastolic diameter, IVS (systole), LVPW (systole), and the right ventricle were similar for both men and women. The ejection fraction for women was also found to be significantly greater than that of men (P < .05).
In establishing cutoff values, a combination of methods has been used by ASE researchersnamely, standard deviation, risk assessment, and expert opinion. 14 Tables 3 and 4 detail cutoff values for categorizing the degrees of abnormality for the participants of this study. Mild, moderate, and severe abnormality was defined as 2 to 3, 3 to 4, and >4 standard deviations, respectively, from the mean value. 2 The abnormality ranges of the septal thickness and posterior wall thickness for both men and women (Tables 3 and 4 ), calculated using the method described in Ilercil et al., 1 resulted in ranges that differed slightly. Therefore, the categories of abnormality were very narrowly defined. Although there were small dispersions of the parameters, the values were included to maintain consistency in presentation and are indicated by an asterisk to highlight that the data seem ill-defined and subsequently may not be too useful in defining categorizations.
COMPARISON OF ECHOCARDIOGRAPHIC VALUES FOR HONG KONG AND US PARTICIPANTS
The most recent reference data supplied by the ASE and European Society of Cardiology, obtained from a combination of studies, 1, 14 included participants of white, African American or Afro-Caribbean, 18 and American Indian ethnic backgrounds. 19, 20 When comparing the physiological characteristics of participants from Hong Kong with studies from the United States, significant differences were noted ( Table 5 ). As a group, the Chinese were younger, shorter, and weighed less than the US participants of the same gender. Systolic BP was noted to be higher for both men and women in the Chinese group. Other physiological characteristics, including heart rate and diastolic BP, did not differ for either gender between the Hong Kong and US groups.
The results for the comparison of the echocardiographic values between the Chinese and US participants are shown in Table 6 .
In men, there was a difference in left ventricular dimensions, but this difference was eliminated when left ventricular dimension was corrected for BSA. Statistically significant differences in left ventricular systolic diameter (P < .05) and relative wall thickness (P < .05) were also found. Differences were also found in male left ventricular mass even when corrected for BSA and height, with Chinese LV mass being smaller than the US participants.
In women, LV diameter in itself did not statistically differ from the US data. However, statistically significant differences in LV diameter, when corrected for BSA, were noted (P < .05). Left atrial size and relative wall thickness were both statistically smaller than their US counterparts. Similar to male comparisons, the left ventricular mass of Chinese women was smaller than that of US women, but no significant differences were seen when corrected for BSA.
INTRAOBSERVER VARIABILITY
No statistically significant variation was found between the original and repeated M-mode 
Discussion
This study showed no differences in right ventricular (RV) and LV diastolic diameters and small differences in diastolic LV wall thickness between Chinese men and women. Given the physiological differences between height and weight, the LV mass of Chinese men was greater than that of Chinese women. Moreover, the LV mass obtained for the Chinese was lower than the published US-based studies.
RELATION OF CHINESE HEART SIZE TO GENDER
Left ventricular diameter, uncorrected for body size, was not found to be related to gender in this Chinese sample population. This is in contrast to studies that found chamber diameter to be gender related. 3, 5 Similar to the study conducted by Schvartzman et al., 5 the dimensions of the aortic root, interventricular septum, left ventricular posterior wall, and LVM were significantly greater in men than in women in this Chinese study. In addition, the results were also in line with the findings of Schvartzman and colleagues, 5 whereby the RV dimensions were similar for both men and women.
Left ventricular ejection fraction was statistically significantly higher in normal women than in men. This finding was also consistent with the findings of the Dallas Heart Study 21 and a study by Celentano and colleagues 22 on non-Asian participants. 
COMPARISON OF HONG KONG AND US DATA
Compared to the US participants, the Chinese participants were smaller in physique, and as a result, significantly smaller values were obtained for BSA and BMI calculations. The weight of Chinese women and men was 55.4 ± 5.9 kg and 65.3 ± 6.2 kg, respectively, whereas female and male participants of the US studies were approximately 60 kg and 72 kg, respectively. 1 The smaller physique of Asians in itself may highlight the potential need to assess the validity of using separate cardiac reference data for this ethnic group. Future studies could be extended to Asian participants who are similar in height and weight and therefore have BSA and BMI values similar to that of the US participants. The results of such a study would assess the unresolved question of heart size and ethnicity without the added contribution of physiological differences.
Correcting measurements for BSA, BMI, and height have been suggested to correct for differences in ethnicity, 2, 4, 11, 14, 23 but in this Chinese study, significant differences were still apparent when measurements were corrected for BSA and height. In addition, the differences observed were not consistent between men and women.
Comparisons of the Chinese data to the reference values recorded by Ilercil and colleagues 1 revealed that for the majority of echocardiographic parameters, the cardiac dimensions of Chinese male adults were significantly less than those values attributed to a healthy subset of male US participants. Among women, differences in cardiac dimensions were not as pronounced. However, the LVM of US participants was significantly greater than that of the Chinese. This applied to both men and women.
Of interest is the uncorrected LV dimension of Chinese men, which was found to be significantly less than that of US men (P < .05). In contrast, no statistically significant differences were found between Chinese and US women (P ≥ .05) for uncorrected LV data. The larger disparity in Chinese men being physically smaller and slimmer than US participants may account for the difference.
Unlike this Chinese study, the study by Ilercil and colleagues 1 found "little difference in cardiac structure and function" despite the various ethnic groups of the participants. It must be noted, however, that their study incorporated people of varying ethnicities residing in the same country. Comparing this Chinese study to a US study that included Asian participants who were born and raised in the United States could indicate the influences of environment and nutrition on cardiac dimensions.
STUDY LIMITATIONS
Although the participants of this study were deemed to be healthy and had no obvious evidence of cardiac disease, because of the limited health assessment of each individual, there may have been a possibility that an undetected cardiac manifestation may have been present. The recruitment of participants for this pilot study may also have resulted in a potential genetic bias in sampling, as knowledge of this study and subsequent participation extended to participants of the same family. In addition, no interobserver variability was studied because the data collection was carried out by one sonographer. These limitations, as well as the small sample size, could be remedied by increasing sonographer and population participation.
ADVANTAGES OF THE STUDY
The inclusion criteria and methodology were compiled from detailed and previous successfully executed studies, and thus problems encountered were minimized.
Technical variability was minimized as the sonographer obtained data using the same set of equipment (e.g., echocardiographic machine, blood pressure machine, and scale) throughout the data collection period. In addition, the research was conducted by an experienced sonographer.
The application of values obtained from this study is not limited to transthoracic echocardiography. Data are also applicable for chamber dimensions obtained from transesophageal echocardiograms. 14 
INTRAOBSERVER VARIABILITY
The researcher was consistent in the technique of obtaining cardiac measurements as no statistically significant differences were found when cardiac M-mode dimensions were remeasured. These findings add to the reliability of the technique and interpretational skills of the researcher and thus further add to the reliability of the data obtained for this study. Differences in measurements obtained varied by less than 3%, which was below the intraobserver variability of M-mode measurements of about 5% described by Foppa et al. 24 
Conclusions
Chinese cardiac size was significantly greater in men than in women with regard to cardiac structures, such as the aortic root, left ventricular wall thickness, and left ventricular mass. Consistent with previous studies on non-Asian participants, 21, 22 left ventricular ejection fraction was also found to be significantly greater in women than in men for the Chinese study population.
Because of the significant differences obtained based on the physiological disparity of Chinese participants residing in Hong Kong and that of US participants, as well as the differences observed for some cardiac dimensions, this pilot study indicates a need for the use of separate reference values when assessing cardiac normality by echocardiography on individuals of Chinese ethnicity. In addition, such reference data should be partitioned for gender and body size variables. A large-scale, multicenter study is therefore warranted for the compilation of such reference data. With a large-scale study, the values in delineating data into mild, moderate, and severe could be more clearly defined. The likelihood of data being influenced due to potential genetically related participants would also decrease, and interobserver variability could be assessed. Furthermore, the accumulated data could be a source for generating echocardiographic reference values specific for the Chinese ethnic group.
In clinical practice, this study highlights the significance of applying the appropriate normal value ranges to the corresponding ethnic group. This is especially important when determining the presence of hypertensive affects on the heart from left ventricular mass values. Using data appropriate for the Chinese would have a greater impact for hypertensive individuals as indications of increased health risks could be assessed by increasingly abnormal measurements.
